INTRODUCTION
Iran is one of the foremost countries in terms of lentil (Lens culinaris Medik.) production and sowing area in the world, and is followed by Canada, Turkey and India. Although, the lentil is the second grain legume crop after the chickpea in Iran but its average yield (489 kg ha -1 ) is not acceptable for many local farmers (Sabaghnia et al., 2008) . According to the latest statistics from The Food and Agricultural Organization of the United Nations, 162000 ha were used for lentil production and 79000 t of production were obtained in 2000 (FAOSTAT, 2010) . This low yield performance of the cultivated lentil cultivars in comparison to the highest global yields (14580 kg ha Like to the other crops, increasing the potential of yield is an important target of lentil breeding programs. The new improved genotypes are evaluated in multi-environment trials to test their performance across different environmental conditions. In most trials, crop yield fluctuates due to suitability of genotypes to different conditions which is known as genotype × environment (GE) interaction (Kang, 1998) . In presence of GE interaction, a genotype does not exhibit the same phenotypic characteristics under test environments and various genotypes respond differently to a specific environment. GE interaction exploration and yield stability is an area of current interest and the success of plant breeding efforts depend on the identification of superior genotypes from stability and yield aspects. Exploring, measurement and interpretation of GE interaction can be aided by different statistical modeling and a number of statistics, parametric as well as nonparametric have been proposed for the study of yield stability (Huehn, 1996) . These statistical models can be linear formulations (Eberhart and Russell, 1966) , multiplicative formulations such as additive main effects and multiplicative interaction (Zobel et al., 1988) , or nonparametric procedures (Huehn, 1979) .
The use of nonparametric statistics in the assessment of yield stability had several benefits. In this approach, no assumptions about the observations are needed and there is less sensitivity to measurement errors or to outliers (Huehn, 1990a) . Also, additions or deletions a few genotypes do not cause distortions and these statistics are useful in situations where parametric statistics fail due to the presence of large nonlinear GE interaction (Huehn, 1990b) . In most cases the plant breeder is concerned with nonadditive (crossover) GE interaction and so yield stability measuring based on rank-information, seems more relevant and usefulness. Therefore, the nonparametric statistics are widely used in the selection of favorable genotypes especially when the interest lies in crossover GE interaction (Nassar and Huehn, 1987; Huehn, 1996; Mut etal., 2009) . Although, it is demonstrated that the nonparametric procedures are less powerful than their parametric methods but Raiger and Prabhakaran (2000) have shown that when the number of genotypes is large, the power efficiency of the nonparametric statistics will be quite close to the parametric statistics.
According to both GE interaction types, additive (non-crossover) and crossover (non-additive), several nonparametric tests based on ranks were proposed by different authors. These methods of Bredenkamp (1974) , Hildebrand (1980) and Kubinger (1986) for testing of additive GE interaction and methods of de Kroon and van der Laan (1981) and, Azzalini and Cox (1984) for testing of crossover GE interaction were introduced. Also, several nonparametric stability statistics proposed by Huehn (1979) , Kang (1988) , Ketata et al. (1989) , Fox et al. (1990) , and Thennarasu (1995) which are identifying genotypes with similar ranking across environments as the most stable genotypes. Nassar and Huehn (1987) developed two distinct statistical tests as Z1 and Z2 for the two first nonparametric stability statistics of Huehn (1979) which known as
The objectives of present study were to (1) test presence of GE interaction through different nonparametric tests, (2) interpret GE interaction via ranks obtained by nonparametric stability statistics of 18 lentil genotypes over twelve environments, (3) visually assess how to vary rank statistics versus yield performances based on the plot, (4) determine promising favorable genotype(s) with high mean yielding and good stability, and (5) investigate interrelationships among different nonparametric stability statistics in lentil dataset.
MATERIALS AND METHODS

Plant Material and Field Conditions
The study included 18 lentil genotypes (16 new improved lines and 2 cultivars) that were grown in 4 different locations under rainfed conditions during the 2007-2009 growing seasons. The names of studied lentil genotypes are given in Table 1 . 
Nonparametric Statistical Methods
Conventional combined analysis of variance as well as nonparametric tests for presence of GE interaction was done. Three nonparametric tests including Bredenkamp (1974) , Hildebrand (1980) and Kubinger (1986) procedures were applied for additive GE interaction and two nonparametric tests including de Kroon and van der Laan (1981) and Azzalini and Cox (1984) procedures were applied for crossover GE interaction. These nonparametric tests have been described in detail by Huehn and Leon (1995) and Truberg and Huehn (2000) . For computing of the above mentioned statistics, a SAS-based computer program was used. Huehn (1979) developed six nonparametric stability statistics, which Kang and Pham (1991) and Kaya and Taner (2002) described only four Fox et al. (1990) as nonparametric superiority measure (NSM) using stratified ranking of the genotypes and their ranking was done at each environment separately and the number of environment at which the genotype occurred in the top, middle, and bottom third of the ranks was computed. Kang's (1988) rank-sum is another nonparametric stability statistics where both mean yield and Shukla's (1972) stability variance are used as selection criteria. Thennarasu (1995) proposed the use of the four nonparametric statistics based on the corrected ranks. In other word, the ranks of genotypes in each environment were determined according adjusted values (
). For calculation of these nonparametric stability statistics, SAS-based computer programs of Lu (1995) and Hussein et al. (2000) were used.
RESULTS
The residuals mean squares were not correlated to environment mean yield (r = 0.12, P > 0.05) thus the data were not transformed. Variances homogeneity test via Bartlett procedure (χ 2 = 25.1, P < 0.05) showed that the mean squares of individual environments were homogeny and so the combine analysis of variance could be done. Analysis of variance was conducted to determine the effects of year, location, genotype, and their interactions on grain yield of lentil genotypes (Table 3) . Genotypes and locations were regarded as fixed effects, while years were regarded as random effects. The main effect of Y, L and Y × L were tested against the replication within environment (R/Y×L). The main effect of G was tested against the G × Y × L interaction and the G × Y × L interaction was tested against error term. The main effects of year (Y) and location (L) were not significant (P > 0.05), but their interactions (YL) were highly significant (P < 0.01). The main effect of genotypes was significant (P < 0.01), the genotype × year interaction (GY) was not significant (P > 0.05), the genotype × location interaction (GL) was significant (P > 0.05) and three way interactions (GYL) or GE were highly (P < 0.01) significant (Table 3 ). The GE interaction, which arising from the lack of genetic correlation among environments, must be used to understand in breeding program. Analyses of the quantitative traits like grain yield indicate important sources of genetic variation attributed to GE interactions (Gauch et al., 2008) . The relative large contributions of GE interaction in grain yield of lentil which found in this study is similar to those found in other multi-environmental trials studies of lentil in rain-fed conditions (Mohebodini et al., 2006; Sabaghnia et al., 2008) . Bredenkamp (1974) , Hildebrand (1980) and Kubinger (1986) producers, the existence of additive (non-crossover) GE interaction; and based on de Kroon and van der Laan (1981) and Azzalini and Cox (1984) producers, the existence of crossover (nonadditive) GE interaction were demonstrated (Table  4 ). The high significance of GE interactions for lentil grain yield via combined ANOVA and five nonparametric tests indicated the genotypes exhibited both crossover and non-crossover types of GE interaction. In other word, results of nonparametric tests are in agreement with the ANOVA, but provide more specific information about the nature of GE interactions from additive and crossover aspects. Cooper and Byth (1996) explained that the large magnitude of GE interaction due to the more dissimilarity of the genetic systems controlling the physiological processes conferring adaptation to different environments.
The values of the first two nonparametric stability statistics of Huehn (1979) ,
indicated that genotype G18, followed by G5 and G11 were the most stable genotypes (Table 5) . Nassar and Huehn (1987) and Flores et al. (1998) pointed out that the
with the static or biological concept of stability and define stability in the sense of homeostasis. However, the stability property alone is of limited use and for a successful genotype testing program, both stability and mean yield must be considered simultaneously. (Table 6) .
Among these groups, only Group II is acceptable for recommending as the most favorable genotypes which are consist on G3, G4, G5, G7, G11, G13, G15, G16 and G18 (Table 6 ). According to Figure  1A , genotypes G2, G3, G4, G5, G7, G11, G12, G13, G15, G16 and G18 were identified as the most stable genotypes regarding both mean yield and ) 2 ( i S nonparametric stability statistic. Remained genotypes G10, G17 G1, G9, G14
Remained genotypes G17 G1, G2, G9
G5, G11, G14, G18 G8, G10, G17 Remained genotypes
G5, G11, G14, G16, G18 G10, G17 Remained genotypes
Remained genotypes G17 G1, G2, G9, G11
Remained genotypes G10, G17 G1, G2, G9
Remained genotypes ----G1, G2, G9, G14
Remained genotypes G6, G8, G10 G3, G4, G7, G13, G16 and G18 were the most stable genotypes (Table 5) . Kang and Pham (1991) Figure 1C showed that all genotypes expect G1, G2, G6, G8, G9, G10 and G17 were the most favorable genotypes based on ) 3 ( i S and mean yield. According to Fig. 1D, genotypes G5, G11, G14 and G18 and according to Fig. 1E , genotypes G5, G11, G14, G16 and G18 were identified as the favorable genotypes with high mean yield and stability. Also, Figure 1F indicated that all genotypes expect G1, G2, G6, G8, G9, G10, G11 and G17 were the most 121 favorable genotypes based on ) 6 ( i S and mean yield. Finally, according to the most of the nonparametric stability statistics of Huehn (1979) , genotypes G5, G6 and G18 were the most stable genotypes while based on the related figures and considering mean yield, genotypes G5, G11, G14, G15, G16 and G18 were the most favorable genotypes. It seems that using graphic presentation of the nonparametric statistics of Huehn (1979) which usually reflect static concept of stability could aid in detecting the most favorable genotypes with high mean yield and stability. Thus, genotypes G11 and G14 following to genotypes G5, G15 and G14 are recommended as the most favorable genotypes.
The nonparametric statistic ) 1 ( i NP showed that genotypes G8, G11, G16 and G18 were the most stable genotypes while based on the nonparametric statistic ) 2 ( i NP , genotypes G6, G8, G16 and G18
were the most stable genotypes (Table 5 ). Many lentil genotypes (except G1, G2, G6, G8, G9, G10 and G17) were grouped in Group II and the most favorable genotypes considering ) 1 ( i NP and mean yield ( Figure 2A) . Relatively, similar results were observed in Fig. 2B (Figure 2C ), all genotypes except G1, G2, G6, G8, G9, G10, G14 and G17 were as the most favorable genotypes while considering ) 4 ( i NP and mean yield ( Figure   2D ), genotypes G3, G5, G13, G16 and G18 were detected as the most favorable genotypes. 
NP
According to r  statistic of Ketata et al. (1989) , genotypes G6, G14 and G18 were the most stable genotypes while based on my  statistic of Ketata et al. (1989) , genotypes G6, G8 and G10 were the most stable genotypes (Table 5) . Also, simultaneous considering of mean yield and r  statistic ( Figure 3A) , genotypes G5, G11, G14 and G18 were the most favorable genotypes while based on both mean yield and my  statistic (Fig.   3B) , none of the studied genotypes were the most stable ones. Kang's (1988) rank-sum (RS) uses mean yield and Shukla's (1972) stability variance.
According to the rank-sum statistic, G2, G5, G11 and G18 were the most stable genotypes (Table 5) . Based on the plot of mean yield versus RS ( Figure  3C ), genotypes G2, G11 and G14 were the favorable stable genotypes. According to Fox et al. (1990) , genotypes G1 and G2 were the most stable because they ranked in the top third of genotype in a high percentage of environments (58.3%), which were the high yield genotypes in this study with 1418.7 and 1365.6 kg ha -1 , respectively (Table 2) . Considering all Top, Mid and Low statistics of nonparametric superiority measure (NSM), G1, G2 and G14 were the most stable genotypes. Figure 3D , genotypes G1, G2, G5, G9, G11, G12, G14, G15 and G18 were the favorable stable genotypes due to mean yield as well as Top, Mid and Low statistics of Fox et al. (1990) . The rank correlation among the nonparametric stability statistics may indicate if more estimates should be obtained to improve confidence in the prediction of genotype behavior. The nonparametric stability statistics were compared using their ranks for each genotype (Table 7) via calculating Spearman's rank correlation. The rank correlation between the NSM and RS statistics with mean yield (Y) was positive and significant. Selecting the most stable genotypes based on these stability statistics result in high yielding genotypes were selected as the stable genotypes. In contrast, rank correlation 123 between the According to Table 7 , the rank correlations among the six nonparametric stability statistics ( Huehn (1979) with each other were positive and significant. Similar results were obtained in maize (Zea mays L.) by Scapim et al. (2010) and in wheat (Triticum aestivum L.) by Kaya and Taner (2002) . Also, (Table 7) . In agreement with our results, Flores et al. (1998) found high correlations between (Table 7 ). Kang's (1988) 
DISCUSSION
In this investigation, interpretation of the GE interaction was based on nonparametric statistical procedures. The former method (ANOVA) had shown certain deficiencies for determining GE interaction types while nonparametric tests can determine the additive or crossover types of GE interaction. However, both interaction types were observed in lentil multi-environment trials. The presence of GE interaction is expressed either as inconsistent responses of genotypes relative to others due to genotypic rank change or as changes in the absolute differences between genotypes without rank change (Annicchiarico, 2002) . In these situations, the risk of selecting inferior genotypes from the use of non-parametric measures is minimal. However, the highly significant GE interaction indicate the necessity for multiple environmental testing if the relative performance of lentil genotypes is to be accurately assessed for a large geographic region (DeLacy et al., 1996; Akcura and Kaya, 2008) .
Lentil growing in field can be influenced by genetic, environmental and their interaction effects. The climatic factors were the main causes which could affect the expression of genes for the quantitative traits of lentil such as grain yield under different environments (Sabaghnia et al., 2008) . Thus, the GE interaction complicates the interpretation of multi-environment trials in plant breeding programs. Understanding the magnitude of G and GE interaction effects is useful for improving the efficiency of breeding efforts and is helpful for plant breeders to select the better genotypes of lentil which can be steadier in various environments. The results in this study showed that the GE interaction is more important in rain fed condition and it must be paid more attention to the GE interaction during the lentil breeding in arid and semi-arid areas.
An ideal lentil genotype should have a high mean yield combined with a low degree of fluctuation under different environments. There are two important concepts of stability as static and dynamic (Becker and Leon, 1988; Rose et al., 2008) . Static stability is analogous to the biological concept or homeostasis and in this concept a stable genotype tends to maintain a constant yield across different environments. In contrast, a stable genotype with dynamic stability concept has a yield response which is parallel to the mean response of the tested genotypes. Most of the nonparametric stability statistics have static or biologic concept of stability and usually introduce low or moderate yielding genotypes as the most stable ones. However, this type of stability is not acceptable to most plant breeders, who would prefer to select the high mean yielding genotypes as the most stable genotypes.
Simultaneous consideration of both mean yield and stability would be useful for selecting the most favorable genotypes (Kang, 1998; Karimizadeh etal., 2012) . It seems that plotting mean yield versus each of the nonparametric stability statistics helps in identification of high mean yield and the most stable genotypes. Our results demonstrated the utility of this hypostasis and determined the most favorable genotypes. In each graph, the studied genotypes were classified into four distinct groups which only one group could be regarded as the most favorable genotype (high mean yield and the most stable genotype). According to most of the generated figures, genotypes G2, G3, G5, G11, G14, G16 and G18 were the most favorable genotypes. Among these favorable genotypes, G2, G11 and G14 following to G5, G16 and G18 are good candidates for commercial release. Thus, the stability property alone is of limited use and for a successful genotype testing program, both yield stability and mean yield must be considered simultaneously.
There are different forms to the GE interaction, and the different methods may quantify different components of the GE interaction. Besides being robust to violations of statistical assumptions regarding the dataset distribution, and insensitive to outliers, nonparametric rank-based procedures are of value for elucidating meaningful ways that environments differentially affect the seed yield (Huehn, 1996; Sabaghnia et al., 2012) . Using rankbased procedures for GE interaction study and yield stability analysis, there were not consistent rankings of genotypes across environments, and environment affected the rank order of lentil genotypes. Thus, the lentil data analyzed here suggested that differences in yield of genotypes or environmental conditions were relatively great enough to affect the rank order of genotypes in different environments. Mohebodini et al. (2006) find a significant GE interaction for lentil grain yield based on the different parametric procedures (i.e., normal distribution assumption) analysis, their results are not inconsistent with ours. As stated by Sabaghnia et al. (2008) , most of the GE interaction in multi-environment trials appears to result from changes in the magnitude of differences among genotypes across test environment as well as changes in rankings. The rank-based procedures serve as convenient tools to specifically detect situations where the ranks do change with environment. The methods discussed here can be used for any study where the different crops are tested in each of several environments (different locations and/or years). Finally, the following findings can be summarized from this investigation: (1) G2 (FLIP 92-12L), G11 (Gachsaran) and G14 (ILL 6206) were found to be the most stable and high mean yielding genotype and thus recommended for commercial release; (2) the graphic investigation of yield stability using mean yield versus different nonparametric stability statistics was found to be useful in detecting the phenotypic stability of the studied genotypes; and (3) the significant GE interactions suggest a breeding strategy of specifically adapted genotypes in homogeneously grouped environments.
